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A Catalog of Confirmed Events

Gravitational waves stretch and squeeze the space they pass through, changing the distances
between objects. Therefore, we need a way to measure distance changes very accurately. The
LIGO (Laser Interferometer Gravitational-wave Observatory) detectors were built to do just that
[1]. Laser light is sent down perpendicular 4 km long arms, reflected from end mirrors and then
allowed to recombine and interfere. Changes in the amount of interference indicates changes
in the length of the arms.

LIGO Hanford Observatory in Hanford, WA (above) and
LIGO Livingston Observatory in Livingston, LA (below)
Images from [2]

During the first two observing runs (O1 and O2) of the LIGO and Virgo detectors, a total of 11 gravitational wave events were measured. All but one were produced by the inspiral and merger of a pair of
black holes. The remaining event was produced by a pair of neutron stars. Catalog from [3].

Alerting Astronomers and the Public

Multi-Messenger Astronomy (GWs + Light)

Left: Information on candidate events is now released in near real-time via
the Gamma-ray Coordinates Network, the GraceDB website and various
phone and web apps. Information released include probabilities of sources,
measurement time, most likely sky location and False Alarm Rate (FAR) which
is the expected rate of noise events having similar properities. Observing run
3 (O3) has so far resulted in 33 candidate events. Image from [7].

Above is shown the sky location of the
gravitational wave (green) and gamma
ray burst (blue). Where the regions
overlap, a new source of light was seen,
first by the Swope telescope and soon by
many others. Image from [5].

Neutron stars are the remnants left behind by the collapse and supernova explosion of
massive stars. The LIGO and Virgo detectors measured gravitational waves from the
inspiral of a pair of neutron stars. Two seconds later, the Fermi and INTEGRAL gammaray detecting spacecraft saw a burst of gamma rays. Image from [4].

Background picture by Swinburne Astronomy Productions

The Hubble Space Telescope also took an
image of the galaxy where the neutron
star collision was seen (left). Later radio
and x-ray telescopes measured light from
the same source. This multi-messenger
observation has taught us that neutron
star collisions produce gamma –ray
bursts, the ensuing explosion can make
heavy elements, and has provided a new
way of measuring the expansion of the
universe [6].

Above: Possible sources of gravitational wave events are classified by mass.
According to astronomical models, a compact object having a mass between
1 and 3 times the mass of the sun is a neutron star while one greater than 5
solar masses is a black hole. Between 3 and 5 solar masses is a “mass gap”
region where objects are difficult to classify. Image from [8].
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